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(71) We, Vasily Alexeevich Bomko, 
of kvartira 49, ulitsa I.Garkushi 3, Evgeny 
Ivanovich PvEVutsky, of kvartira 3, ulitsa 
P.Morozova I, Boris Ivanovich Rudiak. of 
kvartira 16, ulitsa P.Morozova I, and 
Anatoly Vasilievich Pipa, of kvartira 33 
ulitsa Tankopia 29/1, all Kharkov, Union 
of Soviet Socialist Repubiics, all citizens of 
the Union of Soviet Socialist Republics, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particulars described in and 
by the following statement: — 

The present invention relates to linear 
accelerators, and more specifically to methods 
for the acceleration of ions in linear ac- 
celerators and to linear accelerators for 
realization of such methods. 

In the prior art, there is a method for 
the acceleration of ions in a linear accelerator 
which is a cylindrical cavity with drift tubes. 
This method is based on the excitation of an 
r.f. electromagnetic standing wave in the 
Ett, ; mode, in which case the electric field is 
uniformly distributed along the axis of the 
resonator. In this case, because of the re- 
quirement for synchronism, acceleration can 
be effected only at a single -value of the 
accelerating field strength. 

A disadvantage of this method is that the 
accelerated particle beam at the output from 
the accelerator can only have one value of 
energy for which the accelerator has been 
designed. On the other hand, most research 
and development programmes mav be 
markedly extended, if the final energy of the 
accelerated particles can be variable within 
broad limits. 

Intermediate energies have been obtained 
on the heavy-ion linear accelerators at 
Berkeley. U.S.A. and Manchester, Great 
Britain, by selecting the Tilt of the accelerat- 
ing field excited in the E- 10 mode. 

Among the disadvantages of this method 
are the impossibilities of continuously vary- 
V 



ing the energy of the accelerated particles, 
more than a two fold loss of beam intensity, 
increased energy spread, and impaired 
stability of accelerator operation. 50 

Another method for obtaining accelerated 
particles with intermediate energies is based 
on the use of a chain of single uncoupled 
resonators with r.f power supply. By cut- 
ting off the r.f. supply to a certain number 55 
of the final resonators, it is possible to obtain 
beams with the energy attained at the excited 
resonators. 

Among the disadvantages of this method 
are the difficulties of feeding the chain of 60 
uncoupled resonators with r.f. power in 
phase and the complex design and the low 
efficiency of the accelerator because of con- 
siderable additional losses of r.f. power on 
the many end walls in the chain of resonators. 65 

Neither of these methods offers a means 
for the continuous variation of the energy 
of accelerated particles. 

According to the present invention there 
is provided a method of accelerating ions in 70 
a linear accelerator of a drift tube cavity 
type, employing a standing r.f. wave, enabling 
the final energy of the accelerated-ion beam 
to be varied continuously by adjusting the 
extent of a region with a uniform distribu- 75 
tion of an accelerating field along the cavity 
axis, and said adjustment of the extent of 
said region is realized by deformation of 
the field distribution corresponding to E, nl 
mode, excited in said cavity. w 80 
# According to another aspect of the inven- 
tion there is provided a linear accelerator 
adapted to realize a method as set forth in 
the preceding paragraph, said linear acceler- 
ator comprising: a cavity resonator with 85 
drift tubes; tuners arranged on a side wall 
of said resonator; an additional tuning means 
enabling adjustment of the extent of the 
region with a uniform distribution of the 
accelerating field established by transforma- 90 
tion of the field distribution of the E 0I1 
mode and made in the form of a conducting 
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post installed on an end wall of said reson- 
ator near said side wall parallel with the 
axis of the resonator and capable of being 
moved parallel to that axis. 
5 Hie invention will be more fully under- 
stood from the following description of pre- 
ferred embodiments when read in connection 
with the accompanying drawings wherein :^ 

Figure 1 is a plot showing the distribution 
10 of an accelerating field along a resonator 
excited in the E* xl mode; 

Figure 2 shows the consa~action of a linear 
accelerator in accordance with the invention; 

Figure 3 is a plot shor/ing the frequency 
15 of the E vll mode and the frequencies of the 
nearby modes as functions of the length of 
the post inserted into the resonator of Figure 
2; and 

Figure 4 shows the spectra of some of the 

20 intermediate beam energies obtained in an 
experiment on a linear accelerator designed 
for a maximum proton energy of 9 MeV. 

A preferred method for the acceleration 
of ions consists in that acceleration is ac- 

25 compiished by establishing a region in which 
the accelerating field is distributed uniformly 
and the extent of which can be shorter than 
a cavity length. Ordinarily, when the E oll 
mode is excited in the cavity of a linear 

30 accelerator with drift tubes all cells of which 
are tuned to resonate at the same frequency, 
the distribution of the Er, n mode electric field 
along the axis obeys the cosine law (curve a 
in Figure 1). 

35 The region in which die accelerating field 
is distributed uniformly and the extent of 
which can be variable at will is realized in 
the linear accelerator of Figure 2 which is 
a cylindrical cavity 1 with drift tubes 2, 

40 tuners 3 arranged on its side wall, and an 
additional tuning means made in the form 
of a conducting post 4 installed on an end 
wall of the resonator near its side wall so 
that it can be moved parallel to the axis 

45 of the cavity. By varying the length by 
which the post 4 is inserted into the reson- 
ator, one can shift die node of the electric 
field along the axis of the cavity and, as a 
result, reduce the field strength represented 

50 by the right-hand branch of curve b in 
Figure 1, whilst by varying the depth of in- 
sertion into the resonator of the tuners 3. 
one can produce a region with a uniform 
distribution of the field strength represented 

55 by a left-hand branch of curve h in Fig. 1 
and a steep downward jump of the acceler- 
ating field. 

Tf the extent of said region with the 
uniform distribution and an ideally steep 

60 downward jump of the accelerating field is 
changed, the energy of the accelerated par- 
ticles will also change in a jump, in step 
with the change of energy across one acceler- 
ating period.^ In practice, die downward 

65 jump is gradual rather than abrupt. There- 



fore, it is possible, by varying the slope of 
the jump, to change energy continuously 
within each step, corresponding to the change 
of energy across one accelerating period. 

In the limiting case, by adjusting the depth 70 
of insertion into the resonator of the tuning 
post 4 and the tuners 3, it is an easy matter 
to obtain a uniform distribution for the 
accelerating field strength along the entire 
cavity owing to the said deformation of the 75 
field excitecT in the E on mode. 

Y/ithin certain limits, there is a possibility 
of establishing regions with a uniform dis- 
tribution of field strength the extent of which 
is shorter than cavity length b3 r means of 80 
deforming the left-hand branch of field dis- 
tribution in the E.. :1 mode and changing this 
extent solely by means of the tuners 3. 
However, in mis case, the control is more 
difficult since it involves a considerable in- 85 
crease in the size of the tuning means. Be- 
sides there remains the right-hand branch of 
the field (represented by a curve c in Figure 
1) which results in an increased energy- 
spread of the beam of accelerated particles. 90 

In actual operation of the accelerator, the 
continuous variation of the energy of ac- 
celerated ions is accomplished by moving 
the post 4 and the tuners 3 according to a 
predetermined program under which the 95 
length of pest 4 inserted into the cavity and 
the depth of insertion into the cavity of the 
tuners 3 are calibrated in advance accord- 
ing to the required energy of the accelerated 
particles. This adjustment can be accom- 100 
piished automatically. Furthermore, the 
length of die post 4 inserted into the cavity 
1 and the depth of insertion of the tuners 
3 can be varied from the outside, without any 
impairment of the vacuum in the cavity. 105 

The stability of the characteristics of the 
accelerated beam in the face of changes in 
the energy of the accelerated particles can be 
ensured by increasing the separation between 
the resonant frequency f vll of the cavity, 110 
corresponding to the transformed E. Ji: 
mode, and the frequencies f, ll0 and f M2 
(Figure 3) ot the nearby transformed modest 
as the length of the post 4 immersed into 
the cavity ~1 (Figure 2), is increased. The 115 
stability of the accelerating field is enhanced 
accordingly. 

As an example of an embodiment of the 
acceleration method disclosed herein, we 
quote the results obtained on a linear proton 120 
accelerator with a maximum design energy of 
9 MeV. This accelerator operated in an 
experimental program, with the continuously 
variable final energy of accelerated particles. 
Energy change was accomplished remotely. 125 
Some of the spectra of the beams accelerated 
under conditions of energy variation are 
shown in Figure 4. The energy of acceler- 
ated particles is represented by the abscissa 
and the relative intensity of the beams at the 130 
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output of the accelerator is represented by the 
ordinate. 

The slight decrease in beam intensity with 
decreasing energy of the accelerated particles 
:> seen in the spectra of Figure 4 does not 
stem from the essence of the acceleration 
method disclosed herein* but is due to the 
type of beam focusing used in acceleration 
? . case on hand, use was made of grid 
10 focusing, with the result that for some 
of the length of the accelerator where the 
accelerating field was not applied, the beam 
was not focused either, and some of the 
accelerated particles were lost No loss of 
15 beam intensity occurs when the accelerated 
beam is focused by quadrupole magnetic 
lenses installed in the drift tubes. 

The above described method for the ac- 
celeration of particles enables the energy 
20 of the accelerated particles to be variable 
continuously within broad limits (from one- 
third to the maximum energy of the acceler- 
ator) without any loss in the intensity of 
the accelerated beam. This acceleration 
method, in conjunction with the additional 
tuning means made in the form of a conduct- 
ing post installed in an end wall of the cavity 
near its side wall in parallel with the axis of 
the cavity and capable of being moved alon<* 
its axis, when used in a linear accelerator 
intended to realize this method, ensures high 
monochromaticity and stability of the 
characteristics of the beam with time with- 
out posing stringent requirements for the 
accuracy of the elements of the accelerating 
structure. & 
It is very desirable that any linear ac- 
celerator can be switched over to varied 
beam energy operation with ease and with 
only minor changes in its construction. 

The additional tuning means for beam- 
energy control disclosed herein is very ample 
m design. The principle underlying the 
method for final energy variation and the 
construction of the tuning element make it 
possible to accomplish this variation auto- 



matically to a pre-detennined program. 

A further advantage of the acceleration 
method dicslosed herein is that it can be 
realized on the prior art linear accelerators 50 
with only minor changes in construction and, 
as a consequence, without additional capital 
outlays. 

WHAT WE CLAIM IS:— 

1. A method of accelerating ions in a 55 
linear accelerator of a drift tube cavity type, 
employing a standing il. wave, enabling the 
final energy of the accelerated-ion beam to 

be varied continuously by adjusting the ex- 
tent of a region with a uniform distribution 60 
of an accelerating field along the cavity axis, 
and said adjustment of the extent of said 
region is realized by deformation of the 
field distribution corresponding to E 0J1 
mode, excited in said cavity. 55 

2. A linear accelerator adapted to realize 
a method according to claim 1, comprising- 
a cavity resonator with drift tubes; tuners 
arranged on a side wall of said resonator, 

an additional tuning means enabling adjust- 70 
meat of the extent of the region with a uni- 
form distribution of the accelerating field 
established by transformation of the field 
distribution of the E oll mode and made in 
the form of a conducting post installed on an 75 
end wall of said resonator near said side wall 
parallel with the axis of the resonator and 
capable of being moved parallel to that axis. 

3. A method for accelerating ions in a 
linear accelerator substantially as herein des- 80 
cribed with reference to the accompanying 
drawings. 

i 4. A linear accelerator adapted to realize 
tne method according to claim 3, the linear 
accelerator being substantially as herein des- 85 
cribed with reference to the accompanying 
drawings. 0 

MARKS & CLERK, 
Chartered Patent Agents. 
Agents for the Applicants. 



PrmW for Her Majesty's Stationery Office by Burgess & Son CAbin«*don} Ltd —1975 
Pubtehed at The Patent Office 25 SoathZfiSSSmSg^ ESSS^OA [ay * 
from which copies may be obtained. * 



1311616 COMPLETE SPECIFICATION 

2 SHPPTC Th*' trowing Is a reproduction of 
jnccia the Original on a reduced scale 

Sheet 1 



150 

m 
m 
m 
m 
no 
m 



20 





FIG.1 
















r 




I 






f2EotZ 




\ . 


1 



60 



80 tern. 



FIE. 3 



1311616 COMPLETE SPECIFICATION 

9 *urrrc TM* drawing ,$ a reproduction of 
* once id thc 0figlna i on a reduced *c<i/e 

Sheet 2 




4SDOC1D: <G8 131l6iaA_|_> 



